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Dietary carotenoid supplementation enhances the cutaneous bacterial
communities of the critically endangered southern corroboree frog
(Pseudophryne corroboree)
Abstract
The rapid spread of infectious disease has resulted in the decline of animal populations globally. Amphibians
support a diversity of microbial symbionts on their skin surface that help to inhibit pathogen colonisation and
reduce disease susceptibility and virulence. These cutaneous microbial communities represent an important
component of amphibian immune defence, however, very little is known about the environmental factors that
influence the cutaneous microbiome. Here, we characterise the cutaneous bacterial communities of a captive
colony of the critically endangered Australian southern corroboree frog, Pseudophyrne corroboree, and
examine the effect of dietary carotenoid supplementation on bacterial abundance, species richness and
community composition. Individuals receiving a carotenoid-supplemented diet exhibited significantly higher
bacterial abundance and species richness as well as an altered bacterial community composition compared to
individuals that did not receive dietary carotenoids. Our findings suggest that dietary carotenoid
supplementation enhances the cutaneous bacteria community of the southern corroboree frog and regulates
the presence of bacteria species within the cutaneous microbiome. Our study is the second to demonstrate
that carotenoid supplementation can improve amphibian cutaneous bacterial community dynamics, drawing
attention to the possibility that dietary manipulation may assist with the ex situ management of endangered
species and improve resilience to lethal pathogens such as Batrachochytrium dendrobatidis (Bd).
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Abstract
The  rapid  spread  of  infectious  disease  has  resulted  in  the  decline  of  animal
populations  globally. Amphibians  support  a  diversity  of microbial  symbionts
on  their  skin  surface  that  help  to  inhibit  pathogen  colonisation  and  reduce
disease  susceptibility  and  virulence.  These  cutaneous microbial  communities
represent  an  important  component  of  amphibian  immune  defence;  however,
very  little  is  known  about  the  environmental  factors  that  influence  the
cutaneous  microbiome.  Here,  we  characterise  the  cutaneous  bacterial
communities  of  a  captive  colony  of  the  critically  endangered  Australian
southern corroboree frog, Pseudophyrne corroboree, and examine the effect of









well  as  an  altered  bacterial  community  composition  compared  to  individuals
that  did  not  receive  dietary  carotenoids.  Our  findings  suggest  that  dietary
carotenoid supplementation enhances the cutaneous bacteria community of the
southern corroboree frog and regulates the presence of bacteria species within
the  cutaneous  microbiome.  Our  study  is  the  second  to  demonstrate  that
carotenoid  supplementation  can  improve  amphibian  cutaneous  bacterial
community  dynamics,  drawing  attention  to  the  possibility  that  dietary
manipulation may  assist with  the  ex  situ management  of  endangered  species




























































































































































































Cutaneous  bacteria  swabbing  protocol.  White  lines  represent  body  regions
swabbed on  the a dorsal and b ventral  surfaces of each  frog  (1  swab/frog). Each







































































































0.9133, r  = 0.000261) or snout­vent length (F  = 1.2027, P = 0.2785, r  = 
0.025479) Dietary treatment also had a significant effect on bacterial species









Abundance  (number  of  colony­forming  units  (CFU)  per  mL)  of  isolated  from
carotenoid­supplemented  and  un­supplemented  P.  corroboree  frogs  (n = 22  per
treatment).  Data  shown  are  mean ± S.E.M.  An  asterisk  denotes  a  significant
difference between treatments (P < 0.05)
Fig. 3







































Aeromonadaceae Aeromonahydrophila (80 %) 18.2 (4) 36.4 (8)
Comamonadaceae Variovoraxparadoxus 59.1 (13) 45.5 (10)
Enterobacteriaceae Citrobacterbraakii (99.3) 40.9 (9) 54.5 (12)





Enterobacteriaceae Escherichia coli(87 %) 4.5 (1) 0 (0)
Enterobacteriaceae Ewingellaamericana 45.5 (10) 13.6 (3)






Enterobacteriaceae Morganellamorganii (98 %) 72.7 (16) 77.3 (17)









































































































































Bd growth in lab assays [ 33, 34 ]. Furthermore, bioaugmentation experiments

























































































Results  of  pilot  study  determining  optimal  incubation  temperature  for  culturing
cutaneous bacteria. Data shown are bacteria species richness untransformed mean 









Bacteria  species  assemblages  of  individual  carotenoid­supplemented  (n = 22)  and
un­supplemented (n = 22) P. corroboree frogs. (DOCX 36 kb)
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